Abstract--Vulnerability of a variety of candidate spacecraft electronics to total ionizing dose and displacement damage is studied. Devices tested include optoelectronics, digital, analog, linear bipolar devices, and hybrid devices.
II. TEST TECHNIQUES AND SETUP
Unless otherwise noted, all tests were performed at room temperature and with nominal power supply voltages.
A. Test Methods -TID
TID testing was performed according to the MIL-STD-883 1019.7 test method [2] with exceptions for some Enhanced Low Dose Rate Sensitivity (ELDRS) testing performed at various dose rates as an experiment.
B. Test Methods -Proton
Proton damage tests were performed on biased devices with functionality and parametrics being measured either continuously during irradiation (in-situ) or after step irradiations (for example, every 10 krads(Si), or every 1x10 10 protons). Proton test facilities are listed in Table I . 
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IV. TEST RESULTS AND DISCUSSION
As in our past workshop compendia of GSFC test results, each DUT has a detailed test report available online at http://radhome.gsfc.nasa.gov [3] describing in further detail, test method, TID conditions/parameters, test results, and graphs of data.
1) AFL12028SX/CH DC-DC converter -International
Rectifier The International Rectifier AFL12028SX/CH DC-DC converter was tested for TID tolerance using a Co60 gamma ray source. The AFL12028SX/CH is a 120V input, 28V single output Hybrid-High Reliability DC-DC converter featuring high power density with 4A (112W) minimum full load output current in a 2.5"x1.5"x0.38" steel case. Three devices were exposed to a Co-60 source per MIL-STD-883 Method 1019.7.
Three devices were placed on a single board made of aluminum for heat dissipation. Each device had a 25 Ω load resistor on a separate board to minimize heat transfer from load to DUT. The test board was air cooled with AC fans to maintain DUT case temperature of 27-29 °C throughout the test.
All three DUTs showed no effects of TID up to 11 krads(Si) exposures. The device's Turn On time was out of specification between 11 and 20 krads(Si) exposures. Two out of three DUTs showed degradation in the line regulation between 30 and 50 krads(Si) exposures. One DUT had a change of 40% from the pre-irradiation data after 50 krads(Si). However, all line regulation changes were well within the device's maximum and minimum specification. No sign of degradation was observed in the output voltage of the device to tested TID levels. No significant changes were observed after 233 hours of annealing for all three DUT samples. All three DUTs maintained 28V output within the device specification after 50 krads(Si) dose. The failure of output sync pulses occurred between 30 and 50 krads(Si) irradiation. Even after 233 hour anneal, all three devices did not produce sync pulses. Fig. 1 shows the synch output frequency as a function of TID. Five parts were tested by exposing them to gamma rays in a Co60 cell. Bias (5V) was applied Vcc and a square wave (f=xxx Hz and A=yyy volts) to SIGin during the irradiation. The power supply current was measured before irradiation and after each incremental dose up to 100 krads(Si). In addition, various frequencies were also measured, including the center frequency obtained by removing the signal from the SIGin pin and by using the EXCLUSIVE-OR phase comparator.
The other frequencies, high (F-hi) and low (F-lo) locked frequencies, and the maximum high (F-hi-max) and low (F-lo-max) locked frequencies, were all determined by using the edge triggered JK Flip-flop comparator. F-hi was measured by applying a DC bias of 3.1V to the VCO and F-lo was measured by applying a bias of 1.2V. F-hi-max/F-lo-max were determined by measuring the frequency at which phase locking ceased when the DC bias was increased/decreased, respectively.
In all cases the measured frequency increased following irradiation. Fig. 2 shows the center frequency as a function of TID for the five irradiated parts and the one control part. Fig. 3 shows the leakage current I Vcc as a function of TID. 
3) LP2951 -National Semiconductor
The National Semiconductor LP2951 is a micropower voltage regulator with adjustable output. The device features very low quiescent current (typically 75µA) and dropout voltage (typically 40mV with light loads). Six parts were irradiated with gamma rays at room temperature. The output voltage (V out ) decreased with increasing dose, as shown in Fig. 4 . The levels of degradation appear insensitive to the bias during irradiation. Fig. 4 shows the average V out values and their standard deviations.
All devices were out of specification after 10 krads(Si), with V out having fallen below the lower limit. Above 10 krads(Si), V out continues to degrade with dose, as illustrated in Fig. 4 . While other electrical parameters, such as load and line regulations, dropout voltages (V do ), and error comparator thresholds, remained within specification, the devices may not function properly, depending on application. After 20 krads(Si), two devices failed functionally, and their reference voltage (V ref ) values for the other four devices decreased to below minimum ratings. 
V. SUMMARY
We have presented data from recent TID and protoninduced damage tests on a variety of primarily commercial devices. It is the authors' recommendation that this data be used with caution. We also highly recommend lot and application specific testing be performed on any suspect or commercial device.
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